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(54) Method of forming metal carbides and metal carbide composites 



(57) The process of carburizmg metals such as 
tungsten is greatly facilitated by forming a solution of a 
metal-containing compound such as ammonium para- 
tungstate with an organic acid, and spray drying the 
composition to form precursor particles. The precursor 
particles are then calcined tn an atmosphere which will 
cause partial carburization of the metal Carbunzation 



is completed by heating this in a carburizing atmos- 
phere. This is also useful for facilitating dissolution of 
certain metal compositions such as ammonium para- 
tungstate, which is easily solubilized in water with the 
assistance of glycine. Preferably, the solution also in- 
corporates a matrix metal composition such as a cobalt 
composition to form nanophase tungsten carbide parti- 
cles in a cobalt matrix. 
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Description 

lnters «ial metal ^J^SiS^ 
metal compound s brougn s generally 

containing gas at jW-jJ « ' break ^ in to ele- 
cno' C or more The comp ° h can react to form 
S m 0 e ° nlal metal and carbon. whiten ^ ^ ^ 

a carbide 1 ms ra*.i«. , Reaction conaiw* » 
0-12 hours or mo^ to omP e e - ^ q( ^ 

Furthe r. many ol *ese me (ormatlon 0 f 

a metal matrix such as tne carbide-form- 

matrix metal complex: inljpnale m ,xing 

One process ^ P° r ^, ot nextoll.ty in control- 
an d further P^des a grea idea ^ ^ ca 
||rQ tne molar ratio ot the blf1 ° nich 1S disclosed 

iS a -P^X^"- This discloses 
combining two metal salt , s me solullon to 

coba u salt in solution, and spray ^ powder can 
ormf-ne P'^'tSSSion process. Unlprtu- 
then be sub,ected to a «*^ materials do not easily 
nately, many potential start ng m ^ (n form . 
dissolve in the desired media , |s ammo . 

fng tungsten carbide . one P e n ^ ^ Q , 
2 m metatungstate. which sex exp ensive 

Sion but >s relatively Jjj^ which is very 
alternative is ammonium paratuns ^ of 

Scolt to get ^S"p^»«'»** 8i9nedto 
course^he spray conversio P . eacfon . 

improve the rate of he ca bu reductlon/carb uri- 

It has been found that ^ e , cornple x can 

za tion o. a metal or a ^ ^ Solution of a metal 
Te significantly improved by lorm ng & ^ 

p ecursor compounds and a J ^ cal d ,n 
This solution is dneo. and the ^ ^ m the 
an inert atmosphere grably , the drying is 

presence of carbunza^on gas ^ , 

conducted by spray reactlon . The calcma- 

wb ,ch improve the carburet on ^ ^ Q c 

lion of the particles causes the carbunze 
l a ° c ,d to reduce the calcined oxidea ^ ^ 

lhe reduced mixture ihis.m 

f° nt,rTie u hPer found that the organic acid as 
Further , it has been toun ds and . pref 

erably ammonium paratung 

o, .different starting am)no ac , d where - 

preferably, the °j£ , ^£ yHe acl d group and the 
in me combination of the cart ^ d the dis- 

amine group further assists 

^saTaSntges of the present invention 



' w , ll0 e further appreciated ,n.,bt of ,efo„o.ngde- 

tailed description. forming a so- 

A metal carafe . . ■ water s01U u,e 

ma terial is then ^ carb)des are 

The metals which can be_ us 
,„ ,Hn S e which would typ.caily_be uee^ ^ 
cart , des These wouio ^ ■ me , als a re 

lalu m, niobium *^ ^ oM be put into solution by 
no t soluble in water ^ 05iti0 ns which include 
combining soluble chemical cow ^ cafQ , d 

these metals. ^ se ^ e " a ^positions include the 
m etal acetates, carbonates specitic sultab , e 

ides, ntrates. oxides, and o metatungs tate. am- 
compositions ^ ciu f^ a ^ hylen e-bis- cobalt tungste- 
zo monium paralungeBU £»e my ^ chr0(TOC ace 

^^^^^ 
^rc-os^onsc^ 

25 dides or, Pr-«^^SS. alum-num or Jon » 
binder metal such as coban. ^ &nder 

tof m carbide P art ' cle ^onbycomb,n,ngsolublecom- 
me talis added to the solu onby Tnsse are 

pounds which incorpora t JJ^^ Bas , c a.ly the 
30 ; eterred to as binder meta comp used 

-et^reir u^ 

35 and acetates. aque ous solution is the 

Tne third component of he * ec jla , weign t 
organic acid. Ge ^f ^^,0:0 acid will function^ 
or less) , «ater-solub e o 9 gcid tartanc 

Particularly suitable are fo m.c ac aad 

nit icant problem. sen t invention 

J5 particularly ^^0^ organic acids and 
are a mine substituted wa e so aminQ acid 

jn particular the amine , ac* On ^ ^ be 

is , ne . However, the P^' Q , meta , composi- 
'cnosen to assist in the can be employed 

50 : ions . Further ■ co^^^U. One preferred 

The formation of the metal cQrn . 

forming a P--- C ^ wbich includes a uniform 
S5 poundissimplyasolidmae a „ ^na- 

fixture of the carb.de m ^ p (jt pr6 sent} and 
, on wit n the binder met 00 ^ g mQlecuiaf level 
the organic acid These 
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by forming the solution of the carbide metal composition, 
organic acid and binder metal composition and then rap- 
idly drying the soiution. 

The organic acid will be initially dissolved in water. 
It is preferable to establish a molecular ratio of acid to 
metal carbide atom of about 2 to about 1 . However, more 
importantly, the organic acid is incorporated in an 
amount effective to assist in the dissolution of the metal 
carbide composition. Accordingly, the amount of organic 
acid is controlled to ensure complete dissolution at a 
minimal level of the acid. 

After the organic acid is in solution, the metal car- 
bide-forming composition is added to the aqueous so- 
lution of organic acid. This can be heated to boiling in 
order to assist in the solubilization of the composition. 
The overall amount of organic acid and the concentra- 
tion of the carbide-forming metal composition is control- 
led to provide complete dissolution of the carbide metal- 
forming composition 

Finally, if a binder metal is to be employed, a binder 
metal composition is added to the solution in an amount 
effective to achieve the desired molar ratio of carbide- 
forming metal to binder-forming metal. Generally, with 
tungsten and cobalt, it is preferred to work at a cobalt 
level of 3-20% by weight. 

This aqueous solution of carbide-forming metal, or- 
ganic acid and binder rneta! composition isthen rapidly 
spray dried to provide a solid which is a uniform combi- 
nation of the carbide-forming metal composition, the or- 
ganic acid, and the binder-forming metal composition 
This can be achieved by atomized droplet drying, spray 
drying, or ultrasonic atomization. Preferably, however, 
the drying is simply conducted by spray drying- The 
spray drying parameter is controlled to establish precur- 
sor particles which are 100 microns or less in diameter. 

The precursor solid or powder is then subjected to 
a calcination in an inert atmosphere. Both the calcina- 
tion and the carburization reaction can be conducted in 
the same reactor. Generally, any^eactor which permits 
raising the temperature and controlling the environment 
is acceptable for use in the present invention. A fixed 
bed reactor can be used. However, a reactor that pro- 
vides for mixing such as a fluid bed reactor or a rotary 
kiln reactor are preferred since they increase gas to solid 
mixing and accordingly decrease reaction time. 

The calcination is conducted in an inert carbon-free 
environment such as argon, nitrogen or a vacuum. The 
calcination is conducted at a temperature of from about 
1 00° C to about 900° C and continued until the reaction 
is completed. Intermediate metal carbides are formed 
at this stage. The pressure should be at aoout 1 -3 psig 
Generally the amount of time will vary, depending upon 
the batch size, temperature and type of reactor, but can 
vary from about 1 to about 3 hours The calcination proc- 
ess will provide metal compounds which are 10 to 40% 
carburized. The calcination is complGte_when tne free 
and "bound" carbon is used up 

After the calcination is completed, the carburization 



process will begin. To conduct the carburization, the car- 
burizing gas is introduced into the reactor to combine 
with the calcined precursor composition at a tempera- 
ture of from 750° C to 900° C, preferably 775° C to 860° 

s C. The carburizing gas is simply a gas which contains 
carbon. Preferred carburizing gases include a mixture 
of carbon monoxide and carbon dioxide, a mixture of 
hydrogen and carbon monoxide, as wejj as lower mo- 
lecular weight hydrocarbons. 

to Initially, the carbon activity of the gas is established 
at greater than 1 , preferably 1 to 1 .4, with about 1 ,2 be- 
ing preferred. Carbon activity of the gas can be adjusted 
by altering the ratio of carbon monoxide to carbon diox- 
ide, or carbon monoxide to hydrogen. This is continued 

15 for a period of about 2 hours, and then the carbon acti- 
vity is reduced to below 1 , preferably less than 0.5, and 
preferaoly around 0 3. When the carbon activity is great- 
er than 1 , free carbon is deposited. Establishing the car- 
bon activity at less than 1 will then drive off this free car- 

20 bon. The reduced carbon activity reaction is continued 
for about 0.25 hours, and then the higher activity gas is 
resumed. This is cycled back and forth 6 to 1 0 times until 
the reaction is complete. This reacTion WTTl produce a 
composition which is the metal carbide particles embed- 

25 ded in a matrix of the binder metal, or simply particles 
of the metal carbide if no binder or matrix metal is 
present. This composition can then be further proc- 
essed by sintering to produce, for example, metal car- 
bide cutting tools 

30 Objects and advantages of the present invention 

will be further appreciated in light of the following de- 
tailed examples which demonstrate dissolution of am- 
monium paratungstate by various acids. 

35 EXAMPLE 1 

Glycine 

28.76 g glycine is added into 50 ml Dl water. The 
40 mixture is heated to about 60° C to dissolve glycine and 
40 grams of APT is added while the solution is heated 
to 70-80° C. The mixture becomes clear in less than 30 
minutes. The molecular ratio of glycine to W03 in this 
case is 2 1. Cobalt acetate is added to make 3-1 5% Co 
45 m the final WC/Co product, 

EXAMPLE 2 



50 



Oxalic Acid 

19 32 grams of oxalic acid is dissolved in 50 ml Dl 
water at about 45° C. 10 grams of APT is addeo and 
dissolved immediately The molecular ratioof oxalic acid 
to W03 in this solution is 4.0. This solution is not, how- 
55 ever compatible with either cobalt acetate o r cobalt hy- 
droxide The precipitation occurs right after the addition 
of either cobalt salt. 
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EXAMPLE 3 
Ma»c Acid 

.,ri and 10 grams o1 APT are 
20 55 grams mate add and g 
add d into 50 ml « "^Tnutes. The moiecuiar 

w,thout neat-up ^^ hlS mixture • 

rat ,o of mate acid to WO3 ^ lempera ture to have 

acetate can oe - 

6-1 5% Co. 

EXAMPLE 4 
Acetic Acid 



,m 40' C The experiments are c ^ 
" factor 200 « dd - K -the autoc^ 

ac d and 500 ml Dl water are ad 62 m „ ol 

carbunzed 



Claim* 

«tai carbide comprising. 
, A method ot lorming a metal ^ 
terming a solution ot a li st m hesolut ,on 

lQ , orm a sol.d c * ta ' n ' n J,e organic acid, calcin.ng 
, 0 arming composition and theory ^ ^ & ^ 
the scte m a - andcom oletingcaroun^"- 

2C va nadium. and niobium. 



EXAMPLE 5 
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Lst 1 hour. APT .s S0,U Qp with stirring. The 
Sate is then adde to ^ ^ 

temperature can be lowe temperature 
Tsoiution The solutjon 1 ^ is spra y dried an ^e 

to, at least 24 ^'^din nlU ogen at 660" Co 2-3 
orecursor powder calcmeo carb unzation is 

n°- T ^nefa" ationSmthe "boundcarbon 

rr^reS- 

achieve opUmom solu ^ ^ 
metal-contaimng compose use 0 , the 

Im paratungstate «a £ solut ,n in an agueous 
organic add, it would not go u) (n a spra y 

s stem, and therefore wo ^ ol the organic 

^^ng P-ess Furt - th co^ ^ 
acid greatly facilitates car 4Q% This h0 * 

educing overall carbun » ^ - ^ ^ ^ 
ever , does not have any ad uc(s are stl « 

nanograined size. 



, „c1a»2.1»« BSM! '™ l> " S ' n9 
1 a «og to •» ■ » Ol "'"« a 0 ,",, m .«^««=>»«'° 

30 lybdenum 



0 t argon and nitrogen 



01 a*y^ M 

, „ wherein the or- 

amino acid. 
45 cine. 

— ~" the 
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needing claim wherein the car- 

55 monoxide. ^ 
ma trix comprising 
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sten-containing composition, water-soluble organic 
acid and a cobalt-containing composition; spray 
drying the solution to form precursor particles of the 
tungsten-containing composition, the cobalt-con- 
lainmg composition and the water-soluble organic 
acid, calcining the precursor particles to form a par- 
tially carburized tungsten composition; completing 
the carbunzalion by heating the partially carburized 
tungsten composition in a carburizing atmosphere. 

12. A method of Claim 11 wherein the organic acid is 
glycine and the tungsten-containing composition is 
ammonium paratungstate. 

13. A method of Claim 11 or Claim 12 wherein the so- 
lution turther includes a composition containing a 
metal selected from the group consisting of chromi- 
um vanadium and niobium 
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